The aim of this paper was the application of statistical analysis including principal component analysis to evaluate heavy metal pollution obtained by moss technique in the air of Hanoi and its surrounding areas and to evaluate potential pollution sources. The concentrations of 33 heavy metal elements in 27 samples of Barbula Indica moss in the investigated region collected in December of 2017 in the investigated area have been examined using multivariate statistical analysis. Five factors explaining 80% of the total variance were identified and their potential sources have been discussed.
I. INTRODUCTION
Hanoi with its surrounding is one of the biggest industrial regions in Vietnam. There are many new manufacturing industries and processing plants in this region, which give significant contribution to the economic growth. Furthermore, this region is considered to have the fastest urbanization in the country. The consequence of the phenomena mentioned above is that the environment including the air is polluted. The pollution caused by heavy metals over Hanoi and its surrounding area can bring adverse effects to living organisms and human [1, 2] . Therefore, it is necessary to monitor and evaluate the level of pollution in this region for the benefit of the local residents and related communities. In addition, the pollution of heavy metal elements can also affect crops and soil content. So far, there have been no data on heavy metal pollution in the air of Hanoi region. In order to overcome this lack, a joint project for studying heavy metal pollution in the air of Hanoi region using Barbula Indica moss has been created and carried out by an international group of the Institute of Physics of Vietnam Academy for Science and Technology and the Joint Institute for Nuclear Research in Dubna, Russia. The first investigation of heavy metal air pollution was carried out in the south of Vietnam (Hue, Hoi An and Ho Chi Minh city) using Barbula Indica moss and neutron activation analysis [3] . Following the first investigation, another study has been carried out in Hanoi region. Twenty seven Barbula Indica moss samples were collected in December of 2017 at 27 different locations in Hanoi and its surrounding region. The collected moss samples were prepared and analyzed directly by neutron activation analysis using IBR-2 nuclear reactor of the Laboratory of Neutron Physics of the Joint Institute for Nuclear Research in Dubna (Russia) [4] . A table of concentration of 33 heavy metal elements including Na, Mg, Al, Cl, K, Ca, Sc, Ti, V, Cr, Mn, Fe, Ni. Co, Zn, As, Se, Br, Cd, Sb, Ba, Cs. La. Ce, Sm, Gd, Tb, Yb, Hf, Ta, Th and U of 27 collected moss samples was obtained. The errors for analysis for almost all of the elements are less than 10%. The statistical analysis applied to this data set will be described below. In order to have some ideas about the possible sources of pollution for the selected heavy metal elements, one should apply the statistical analysis including principal component analysis to these data. This is a main objective of our study.
II. STATISTICAL ANALYSIS OF THE DATA OF HEAVY METAL ELEMENTS IN THE MOSSES SAMPLES

II.1. Descriptive Statistical Analysis
Data evaluation such as descriptive statistics, correlation analysis and factor analysis were applied to our concentration data in order to infer the spatial distribution of elements in the analyzed moss samples and to find the possible sources of the pollutants. Descriptive statistics of metal concentration data including mean, median, standard deviation, minimum, maximum, range, coefficient of variation in percent (CV=standard deviation/mean ×100%), kurtosis and skewness determined in moss samples in Hanoi were calculated using the IBM SPSS software version 20. The result of descriptive statistics for our data is listed in Table 1 . In this table, skewness and kurtosis are also calculated using the Shapiro-Wilk's test (0.05 significance level) for computing the uniformity of the distribution.
From Table 1 , it can be seen that in Hanoi, the descending order of the mean concentration of the elements in moss samples is: **. Correlation is significant at the 0.01 level (2-tailed). *. Correlation is significant at the 0.05 level (2-tailed).
> Sm > Yb > Se > Ta > Tb. The highest concentrations belong to Ca, K, Al, Mg, Fe, Cl, Na and Ti. These elements are most abundant elements in the crust. The lowest concentrations belong to Ta and Tb. This reflects that the density of dust in the air is very high and air pollution in Hanoi and its surrounding region is seriously caused by windblown soil dust. It can be seen from Table 1 that all of the heavy metals under investigation in the investigated region show strong variation in concentration, with the coefficients of variation (CV) ranging from 16.3% to 210%. High values of the coefficient of variation are likely to indicate the influence of complicated origins of these elements in mosses. Furthermore, for those elements whose value of skewness is in the range from -0.8 to 0.8 and the value of its kurtosis is in the range from -3.0 to 3.0 then its concentration can be considered to be normally distributed. According to the values of skewness and kurtosis listed in Table 1 , only the concentrations of 8 elements including Hf, Th, Tb, Ti, Sc, Fe, K and Cl follow normal distribution. In addition, the coefficient of variation of these elements are smaller than 25%. It means that these elements may have the same pollution sources. For other elements, the source of pollution may be very complicated. The obtained concentration data of heavy metal elements in the moss samples were subjected to multivariate statistical analysis.
The pre-study of the obtained concentrations had been done to select out twenty three elements used for factor analysis including Mg, Al, Cl, K, V, Cr, Mn, Fe, Ni, Co, Zn, As. Br, Cd, Sb, Ba, La, Ce, Gd, Tb, Yb, Hf and Th. The elements of interest, i.e., those that join together into groups (or factors), represent possible sources of pollution in the studied areas, and the number of explained variance of each group is as high as possible. Therefore, in the further statistical analysis to be described below, only these twenty elements will be included.
II.2. Correlation coefficient analysis
In order to establish the inter-elemental relationships and trace their sources in the moss samples, Pearson's correlation coefficients were executed and presented in Table 2 . It can be seen clearly from Table 2 that there are several groups in which the elements are significantly correlated with each other, which may suggest that these elements may have a common source. For illustration, we list some groups in which the elements are strongly correlated: Magnesium is correlated with Al (0.79), V (0. 
II.3. Factor analysis for source apportionment of heavy metals in the moss samples
Factor analysis is a useful tool and has been applied successfully in different areas of environmental research because of their ability to process large data sets. In our case, the main purpose of its application is to reduce the dimensionality of the concentration data of elements of the moss samples and to find the possible sources of pollution of these elements [5, 6] . Factor analysis transforms the original set of inter-correlated variables into a set of uncorrelated variables, latent factors that are linear combinations of the original variables. After factor analysis, several latent factors will be obtained and each of them will be some linear combination of several original variables (in our case, the concentration of some detected elements in the moss samples). The obtained factors are ordered such that the first few significant factors retain most of the variation present in all of the original variables. Therefore, by using factor analysis, only a small number of significant factors are needed to represent most of the information in a lager set of the concentration data. The factor analysis technique and underlying mathematical theory have been described in detail in a number of publications and books. Factor analysis has been applied to our data set by using STATISTICA-8 software to assist in the identification of sources of the pollutants. Twenty three variables (concentration of 23 elements mentioned above) and 27 moss samples were chosen for factor analysis. In our study, the concentrations of elements vary by different orders of magnitude, therefore factor analysis was applied to the correlation matrix and each variable is normalized to unit variance. For easier interpretation of the obtained results, we applied factor analysis with varimax normalized rotation so that the variances of the factor loadings across variables for each factor will be maximized. The scree plot (see Fig. 1 ) confirms the choice of 5 factors. Table 3 shows the varimax-rotated components matrix for the concentration data in the moss samples in which the loadings and explained variance of the first five factors are listed. The first five factors of this study accounted for 87.16 % of the total variance in the data set namely Factor-1, Factor-2, Factor-3, Factor-4 and Factor-5 accounted for 60.36 %, 10.44 %, 6.40 %, 5.44 % and 4.51 %, respectively.
It should be noted from this table that loadings equal to or larger than 0.4 were written in bold and loadings less than 0.4 may be dominated by random errors. The factor scores of the sampling sites are listed in Table 4 . Below is our interpretation of five factors.
Factor-1 explains 60.36 % of the total variance. It has high contribution to Th, Al, La, Ce, Tb, Gd, V, Hf, Fe, As, Mg, Yb, Co, moderate contribution to Ni, Sb, Mn with the factor loadings of 0.96, 0.95, 0.94, 0.94, 0.94, 0.92, 0.89, 0.88, 0.85, 0.81, 0.78, 0.78, 0.7, 0.56, 0.53 and 0.44. Aluminum, Fe, Mg, and Mn are the most common chemical elements in the crust and they are good indicator of crust-related dust. In addition, Mn, Mg, and Al are considered tracers of natural soil [7] . In Hanoi the crustal matter source contributions are likely to be a made up of windblown soil, road dust and dust generated by construction and road works. In Hanoi road works, construction of new office blocks, apartment buildings, and building refurbishments can be seen everywhere, especially in the surrounding areas of the city and, as a result, dust emission is increased quickly. The crustal matter particles can be generated by re-entrainment into the air due to wind action or by the turbulent action of vehicles passing across road surfaces [9] . These activities were carried out near the sampling sites during the period, therefore, they also should be responsible for this factor. Based on these explanations, it may be said that factor-1 represents road dust and crustal matter. This factor showed highest contributions from sites relatively close roadsides, namely with the factor scores of 2.69, 1.90, 1.79, 1.25, 1.18, 1.12, 1.08, 0.99, 0.90, 0.80, 0.79, 0.78, 0.68, 0.67, 0.65 and 0.62, respectively. These areas are close to many industrial parks producing electronics, consumer electronics and there are many different kinds of metal recycling plants. Therefore, it may be concluded that this factor is partly related to industrial activities. Furthermore, this factor may be related to motor vehicles in the local roads which will [8] . Although we do not have the concentration data of Pb and Cu because they are difficult to analyze by neutron activation analysis, but the presence of other elements which are related to motor vehicles (Cr, Cd and Zn) allows us to make the assumption that Factor-2 is partially related to motor vehicles. It is said that zinc can be emitted by vehicles through the combustion of lubricant oils as it is added during lubricant formulation [9, 10] . Cadmium is widely used as good marker of motor vehicle source category [11] . Factor-3 explains 6.40% of the total variance and it explains the highest percentage of variability for K, Cl and to some minor extent for Ba with the factor loadings of 0.93, 0.80 and 0.31, respectively. Presence of K, Cl and Ba relates this factor to the source of agriculture soil. This factor showed highest contributions from sites M9 (Yen Vien, Gia 
III. CONCLUSIONS
In this study, statistical analysis has been applied to our obtained data of heavy elemental concentrations in the moss samples collected at different locations of Hanoi and surrounding areas. The main purpose of this study is to find the possible sources of heavy metal pollutants in the air in the investigated areas. The different statistical methods including descriptive analysis, correlation analysis and factor analysis have been used. Among 33 heavy metal elements determined by neutron activation analysis, we focused only on 23 elements including Mg, Al, Cl, K, V, Cr, Mn, Fe, Ni, Co, Zn, As. Br, Cd, Sb, Ba, La, Ce, Gd, Tb, Yb, Hf and Th. According to our obtained results, five factors have been obtained which can explain 87.16 % of the total variance in the data set. Factor-1 explains 60.36 % of the total variance. It has high contribution to Th, Al, La, Ce, Tb, Gd, V, Hf, Fe, As, Mg, Yb, Co, moderate contribution to Ni, Sb, Mn. This factor represents road dust and crustal matter. Factor-2 consists of Cr, Sb, Ni, Zn, Cd and As and explains 10.44% of the total variance. This factor is related to industrial activities. Factor-3 explains 6.40% of the total variance and it explains the highest percentage of variability for K, Cl and to some minor extent for Ba. This factor is related to the source of agriculture soil. Factor-4 explains 5.44% of the total variance and it consists of Mn, Ba, Co and Cd. This factor is related to exhaust traffic sources. Factor-5 explains 4.51 % of the total variance and it consists only of Br and some minor of Zn. This factor is related to anthropogenic sources, namely, biomass and coal burning, pesticide application and PVC usage and disposal.
